Leucite crystals having modified compositions from stoichiometry were prepared by the incorporation of Na+, Rb+, Cs+, Ca2+, Ba2+, and Sb3+ substituted for 5-50 at% of K+ in the leucite. The lattice parameters of the a-and c-axes of these tetragonal leucite were derived from the diffraction angles of (400) and (004) peaks due to tetragonal leucite, respectively. Both lattice parameters of the a-and c-axes of the leucites except Rb and Cs were slightly smaller than those of stoichiometric leucite. The lattice parameters of the a-axis of the leucites containing Rb and Cs were larger than those of stoichiometric leucite (p<0.01) and increased with the content of Rb and Cs. It was concluded that the crystal lattice of leucite was deformed by the incorporation of cations substituted for K and their variations mainly depend upon the kind of cation, namely ionic size and substitution site in the lattice.
INTRODUCTION
Dental ceramics are desired to have a natural appearance and durable chemical and optical properties. However, dentists have remained suspicious of the structural longevity, potential abrasivity, and fit of ceramic restorations1). These concerns have directly influenced the development of recently introduced ceramic materials and laboratory processing systems. Investigations of the microstructure of dental ceramics such as porcelains have been meaningful for the development of new materials and processing systems.
Our previous study2) revealed that several dental porcelains contained both tetragonal and cubic leucites, the lattice parameters of both leucite crystal types were different from those of stoichiometric leucite (KAlSi2O6), and the porcelain frits contained various trace elements such as Ca, Zr, Fe, Mg, Sb, Ba, Y, Sn, and Ce. Furthermore, the cooling condition had no effect on the microstructural change of leucite crystals in the dental porcelains3). It seemed that the leucite crystals were stabilized by the incorporation of these cations into the lattice.
It has already been reported that the addition of Cs or Rb substituted for K in tetragonal leucite resulted in the formation of cubic leucite4-6). It was also shown that the lattice parameters of the a-axis of tetragonal leucite were increased by the incorporation of Cs or Rb7) . However, neither Cs nor Rb were detected in commercial dental porcelains2 containing Ca, Ba, and Sb were similar to those of the specimens containing Na. The XRD patterns of the specimens containing Na and Rb substituted for 5 to 25 at% of K showed tetragonal leucite, that of Na for 50 at% of K (Na50) showed glass, and that of Rb for 50 at% of K (Rb50) showed rubidium aluminum silicate (RbAlSi2O6, JCPDS No.29-1077), i.e. rubidium leucite. The specimen containing Cs substituted for 5 at% of K (Cs5) showed tetragonal leucite, those for 10 and 18 at% (Cs10 and Cs18) showed mixtures of tetragonal and cubic leucite, that for 25 at% (Cs25) showed only cubic leucite, and that for 50 at% (Cs50) showed pollucite (CsAlSi2O6, JCPDS No.29-0407), i.e. cesium leucite. The other specimens, containing Na, Rb, Ca, Ba, and Sb, all showed tetragonal leucite. Among the XRD patterns showing tetragonal leucite, the peak intensities of tetragonal leucite decreased with the substituted amount of K. Furthermore, the diffraction peak angle of (400) of the specimens containing Rb and Cs shifted to smaller angles with an increase in substituted amount. Table 2 shows a summary of the crystal phases of the 26 specimens identified by XRD. Fig. 2 shows the lattice parameters of both the a-and c-axes of tetragonal leucite as a function of the amounts of six kinds of elements substituted for K. The observed lattice parameters of the a-and c-axes of the stoichiometric tetragonal leucite were 1.3064 and 1.3748nm, respectively, and similar to those of standard value (JCPDS No.38-1423), a=1.3065nm and c=1.3755nm.
The lattice parameters of a-axis of tetragonal leucite of the specimens containing Rb or Cs increased with substituted amount for K (p<0.01). The effect of addition of Cs on the lattice parameter was larger than that of Rb (p<0.01). There were no significant differences in the lattice parameters of the a-axis of tetragonal leucite in the specimens containing Na, Ca, Ba, and Sb (p>0.05). On the other hand, the lattice parameters of the c-axis of tetragonal leucite slightly decreased with addition of these cations (p<0.05). Fig. 3 shows the lattice parameters of both the a-and c-axes of tetragonal leucite and the a-axis of cubic leucite as a function of the amounts of Cs substituted for K. The lattice parameters of the a-axis of tetragonal leucite increased (p<0.01) and those of the c-axis of tetragonal leucite decreased (p<0.05) with the addition of Cs. No tetragonal leucite was observed in the specimens containing 25 at% Cs. Cubic leucites were formed in the specimens containing greater than 10 at% Cs and the lattice parameters of a-axis of cubic leucites increased with addition of Cs (p<0.01). However, neither Cs nor Rb were detected in the commercial products2,3).
Commercial dental porcelains contain 4.9-9.2 wt% of Na2O, 0.2-1.2 wt% of CaO, 0.8-1.0 wt% of BaO, 0-0.8 wt% of Sb2O3, and less than 1 wt% of Fe2O3, MgO, Y2O3, SnO2, and CeO2 3). Na2O is a main component of glass matrix, both CaO and BaO seem to be converted from flux agents such as CaCO3, CaF2, and BaCO3 etc., and Sb2O3 seems to be added into glass frits as a refining or opacifying agent with NaNO3 or KNO3 2). It seems that the other oxides are present due to impurities in the raw materials.
Although B was never detected in our previous papers2,3,16), it is known that boron makes a frame like that of aluminum17). Denry et al.18) also demonstrated that most of the leucite crystals in feldspathic dental porcelains were different from stoichiometric leucite. They19) suggested that the ion-exchange of Na for K takes place in the glass matrix as well as in the leucite crystals. Our previous study2) revealed that both Na and Ca coexisted in the leucite particles.
Therefore, there is no consistent composition of leucite among the commercial dental porcelains. These results suggest that the effects of addition of Na, Ca, Ba, and Sb on lattice parameters of leucite in commercial dental porcelains are negligible. It is still unclear whether the lattice parameters of tetragonal leucite in commercial dental porcelains are different from the stoichiometric values, and why cubic leucite exists in them. Such elucidation will require further investigation of other factors such as Al/Si molar ratios and residual strain during fabrication, etc.
CONCLUSION
Leucite crystals having modified compositions from stoichiometry one were prepared by the incorporation of Na+, Rb+, Cs+, Ca2+, Ba2+, and Sb3+ substituted for 5-50 at% of K+ to compensate the electric charge. The specimens containing Na, Ca, Ba, and Sb substituted for 50 at% of K were glassy phase and the specimens containing Rb substituted for 50 at% of K showed rubidium aluminum silicate, RbAlSi2O6. The specimen containing Cs substituted for 5 at% of K showed tetragonal leucite, those for 10 and 18 at% showed the mixture of tetragonal and cubic leucite, that for 25 at% showed cubic leucite, and that for 50 at% showed pollucite, CsAlSi2O6. The other specimens, containing Na, Rb, Ca, Ba, and Sb, showed tetragonal leucite. The lattice parameters of the a-and c-axes were derived from the diffraction angles of (400) and (004) peaks of tetragonal leucite, respectively. Both lattice parameters of a-and c-axes of the leucite containing cations except Rb and Cs were smaller than those of stoichiometric leucite. The lattice parameter of the a-axis of the leucite containing Rb was larger than that of stoichiometric leucite (p<0.01) and increased with the content of Rb. In the specimens containing Cs, consisting of both cubic and tetragonal leucite, the lattice parameter of the a-axis of tetragonal phase was larger than that of stoichiometric leucite (p<0.01) and increased with the content of Cs. It was concluded that the crystal lattice of leucite was deformed by the incorporation of cations substituted for K and that their variations depend mainly upon the kind of cation, namely the ionic size and substitution site in the lattice. 
